ABSTRACT We report mercury (Hg) mass dependent isotope fractionation (MDF) and non-mass 21 dependent isotope fractionation (NMF) significantly negative  201 Hg of -0.14 ‰ in Beni river fish suggests that the inorganic Hg precursor to 37
INTRODUCTION 42
Mercury (Hg) is a globally distributed trace metal and its biogeochemical cycle and toxicity are largely 43 controlled by its speciation. Excessive exposure to the neurotoxic organic form of Hg, 44 ird-00452959, version 1 -3 Feb 2010 monomethylmercury (MMHg) may cause problems such as trembling, eyesight problems, coordination 45 disorders and ultimately death [1] . In the Bolivian Amazon MMHg levels ranging from 4300 to 19520 46 ng.g -1 in hair of native people has been linked to elevated Hg in their fish diet [2, 3] . It is formed during 47 inorganic Hg methylation by bacterial activities and abiotic reactions in aquatic systems [4] . In Bolivia, 48 Hg is mainly released into the aquatic system by rock weathering and soil erosion, natural sources, but 49 mercury input is increased by anthropogenic activities such as gold-mining, deforestation and 50 agricultural slash and burn practices [5] . Riverine Hg transport mainly involves suspended particulate 51 matter (SPM) [6] and it is during its transfer in floodplain lakes that Hg can be methylated and 52 bioaccumulated in the foodchain [7, 8] . Comparative studies made in the Bolivian Andes [6] have 53 suggested that Hg content in suspended sediments increased in human impacted areas compared to 54 pristine valleys. However, there is a need to distinguish which of these Hg sources are responsible for 55 high MMHg concentrations in the aquatic foodchain and consequently in human hair. 56
The natural fractionation of stable isotopes in the environment has already been studied for light 57 elements, such as H, C, N, O and S. Recent analytical advances permit determination of the isotopic 58 composition of heavier elements, such as Hg, using multi-collector ICP-MS [9, 10] shown to induce limited NMF [24] . However, the majority of biotic and abiotic reactions studied, such 79 as microbial reduction and demethylation, abiotic atmospheric oxidation in a volcanic plume, 80
hydrothermal HgS ore deposition, experimental abiotic reduction, derivatization, and Hg(0) 81 volatilization do not induce NMF but only MDF [15, 17, [25] [26] [27] [28] [29] [30] . 82
In this study, we document Hg MDF and NMF in hair samples of the Bolivian Esse Ejjas native 83 people, as well as in the tropical fish species that make up their daily diet. The specific objectives are to 84 investigate Hg NMF in fish in relation to different physicochemical and hydrological properties of 85 Amazonian rivers and floodplains. Secondly, we investigate the Hg isotopic variations between fish 86 tissue and human hair as a first step in evaluating Hg isotopes as a metabolic process and/or Hg 87 exposure tracer. 88
89

MATERIALS AND METHODS
90
Itenez basin fish samples 91
Fish samples were collected from several floodplain lakes adjacent to the San Martin river (13°18' S 92 63°36' W and 13°18' S 63°33' W) and the Blanco river (13°15' S 63°43' W) in the Itenez river basin 93 (Figure 1 ), at the Bolivia-Brazil border. Two species of fish were analyzed: 6 Pygocentrus naterreri, 94 also known as "pirañas", and 4 Pellona castelnaeana. P. castelneana is a strict piscivorous species that 95 probably locally migrates between the river and the floodplain lake. P. naterreri is a sedentary species 96 ird-00452959, version 1 -3 Feb 2010 and considered as a voracious predator although various studied reported that it also consumed more 97 than 30% of vegetal material [31] . 98
Beni basin fish and hair samples 99
Beni basin fish samples were caught in the Beni river at Puerto Salinas (14°15' S 67°30' W) and 100 20 km downstream of the city of Rurrenabaque, in the Granja floodplain lake (14°16' S 67°28' W), 101 regularly connected to the Beni river during periods of rising water and at the flood peak (Figure 1) . 102
Three fish species were analyzed: 9 Pseudoplatystoma fasciatum, locally named "surubi", was obtained 103 from both locations, while 5 P. naterreri and 6 Salminus brasiliensis, both sedentary and carnivorous 104 species, were collected from the Granja floodplain lake only. P. fasciatum is a strict piscivorous and 105 migratory species, often exhibiting the highest concentrations in Hg T [6] respectively (Table S1-S1). Even for carnivorous or piscivorous species feeding at the upper trophic 146 levels of the aquatic foodchain, these Hg T levels are extremely elevated and easily exceed the EPA 147 consumption limit [34] between S. brasiliensis and P. fasciatum are significantly different (P = 0.003 and P = 0.01 respectively) 158 but not between P. naterreri and S. brasiliensis (P = 0.54). This may relate to different ecological 159 factors such as foraging behavior (P. naterreri is pelagic while P. fasciatum and S. brasiliensis is 160 benthopelagic species) and to trophic levels. The  201 Hg values are not significantly different among the 161 three Granja floodplain lake species. However, the  202 Hg and  201 Hg for P. fasciatum from the Beni 162 river at Puerto Salinas are significantly lower than those from the Granja floodplain lake (P = 0.03 and P 163 = 0.013 respectively). 164
Hg NMF in fish 165
Anomalies of the odd Hg isotopes have been related to both nuclear field shift (NFS) and magnetic 166 isotope effects (MIE) [12, 35] . NFS induced anomalies depend on nuclear volume and shape properties, 167 parameterized by the nuclear charge radius of individual isotopes. NFS isotopic fractionation has been 168 estimated to induce a  199 Hg :  201 Hg ratio between 2 and 3 depending on the choice of experimentally 169 determined nuclear charge radii [20, 24, 36] and Cli) and have suggested bacterial methylation in sediments to be the main NMF inducing process. (Table S1- 515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536 ird-00452959, version 1 -3 Feb 2010 
